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ABSTRACT

‘~o support remote sensing of planetwy atmospheres at 2 jm,  lat)oratory spectra. of

NI Is a.TId enriched 14N113 and 15NI 13 were recorded at 0.011 cm-l resolution with the McMath

Fourier transform spectrometer (F-I’S)  located at Kitt Peak National Observatory/ National

Solar Observatory. Multiple optical paths and pressures were used with sample

ternpelatures between 297 and 185 K, $ome 2000 line positions and intensities at room

tcmpcraturc were measured with precision of 0.0003 cm-l and 3%, respcctivcly, for

unblended transitions. IDw and room temperature intensities were then combined to

dctcrminc empirical lower state energies for 1815 lines. These data pcrm{tted the

assigmlents for vl +- v4 of 14N} 13 to be extended to J’ = 10. Transitions of V3+ Vd of lsNH~

was also cataloged for the first time. Nearly 45% of the 2000 measured features were

identified, and empirical upper state levels were obtained. ‘l’he experimental results for

lines with measured intensities greater 3.x10-M cnl-1/(nloleculc.cnl-2)  were included to the

1996 H lTRAN database. To obtain consistent N] Is line positions, the positions of 28 IIZO

transitions between 5206 and 5396 cm-l we.rc also calibrated using the 2-0 band of CO at

4260 Clll-’.



lN1’ROI)UCTION

The 2 JLrn spectrum of ammonia contains transitions from the ground state to many

vibrational states (such as VI+ V4, V3+- V4, VI +2v2, 2V2+ V3, 4V2+ V4, 2vZ+2VA, and 3v4), bllt

only the two strongest bands have been studied at higher resolution following an initial

interpretation of the vibrational spectrum in 1957 by Benedict and Plylerl. In 1977, Sarangi

mcasu~ cd 2100 line positions2 and 412 line intensities with accuracies of 0.004 cm-l and

10%, respectively, using grating spectra recorded at 0.06 cm-l resolution from 4803 to 5315

cm”l. } Ie thoroughly assigned the perpendicular transitions of the strongest band, V3+ V4

near 5050 cm-l. In 1989, as part of an effort to interpret NJ13 vibrational states between

4800 and 18000 cm-l, Coy and Imhmann4 located 119 transitions involving 58 upper state

ICVCIS up to J = 7 in the second strongest band, v ~ +- V4 near 4950 cm-l. The

overtone and combination bands at 2 Wn were not identified, and the results of

studies were never included in the 111’IRAN5 and GEISAG databases,

To satisfy the needs of planeta~y studies with the Galileo spacecraft, the present

study repeated the Sarangi measurements to provide all the required ammonia line

parameters at 2 Pm. Spectra were obtained with different optical paths so that line

intensities could be measured at room temperatures through three orders of magnitude.

Additional spectra at reduced sampk temperatures were recorded, and the lower state

transiticm energies of 90% of the lines were estimated from the temperature dependence

of the intensities. III all, 2000 spectra features were measured between 4791 and 5294 cm-l.

The past2’4 analyses were extended to assign 45% of the observed features to VI+ V4 and

other

these

2



lSNI 13 P.mpirical upper state levels were formed so thatv~+vd of 14NH~ and to v~+vd of .

the formidable task of modeling this region by quantum mechanics can be pursued in Ihe

future. in the interim, a substantial catalog of ammonia at 2 Mn is now available on the

1996 HITRAN molecular database.

ILXIDERIMILNI’AI,  I) ETAI1.,S and DATA REDUCTION

‘J’he laboratory data were recorded at 0.011 cm-l resolutiml using the McMath

l~ourier transfol m spectrometer (1~”1’S) located at Kitt Peak National C)bservatory / National

Solar Observatory. Two matched lnSb detectors monitored the infrared signal from a globar

source in the 3000- 8800 cm”’ region. Most spcctra”were acquired during an integration

time of one hour with signal to noise ratios of nearly 1000:1. ~~ive different stainless steel

absorption cells were used over a period of three years; the gas conditions of the 16 room

temperature and 13 cold temperature data are shown in ‘J’able 1. ‘l’he single pass cells of

0.25, and 1.5 m and the 6 meter base multiple-pass ccl] at Kitt Peak were used for the room

temperature data (like the spectrum shown in Figure 1). For the cold temperature data, the

0.8 m straight-pass cell and the 1. m base multiple-pass cell were transported from JI’L to

achieve sample t cmperatures down to 185 K. A few room tempcrat u re scans were recorded

with the cold cells to check data consistency. Gas pressures and temperatures were

monitored continually during scanning with capacitance manometers and thermistors,

respectively. Two cells were sometimes used at the same time to calibrate ammonia line
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centers against the 2 - 0 band of CO. l’he spectra usually contained absorption from

residual 1120 inside the H’S, and the positions of these extra features near 1.9 pm were also

calibrated. “l’he gas samples in the shorter path cells were enriched 99.9% 14NI 13 or 99.OYO

lsNI Is while the long-path data were obtained using isotonically normal ammonia. All

samples were introduced into the absorption chambers without purification.

Line positions and intensities were retrieved from these data through curve-fitting of

the unanodized and uninterpolated spectral digits. For this, differences between the

observed and synthetic spectra were minimized by iterating simultaneously the position and

intensity of each spectral featureT, }tigurc  2 i]]llstrates  the met}lod for ]ines near 49000~ cm-l

in one of the cold temperature scans; a Voigt line shape and a sine instrument function

were used for the computed trace. Very weak features and the residual water lines were

fitted to obtain the proper continuum values, but the water features and lines with optical

depths lCSS than 5% or greater than 90% were later excluded from consideration. Over

14000 individual measurements were retrieved from 16 room temperature spectra. These

were combined so that the position and intensity of each feature could be determined as an

average of up to 12 different scans. KTIown transition assignments and ground state

energies were matched to the measurements so that individual intensities could be

normalized to 296 K before averaging. For the unidentified lines and the lsNH~ transitions,

the resulting intensities were determined at 294 K (see ‘1’aMc 1). ‘I’he data from the 6 m

white ccl] revealed that there was an enriched residual lSNI Is ]mxmt,  and so these data

were not utilized for the isotopic intensities.

‘Ilm measured line centers of the 2.0 band of CO were compared to the values of
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}’ollock et al.8 to establish a frequency calibration using multiplying factors applied to the

rctricvcd line positions of each ammonia spectrum. The line centers of ]IZO between 5206

and 5396 cnl-l were also calibrated against the CO lines so that the all ammonia data could

bc normalized to the same standard. ‘1’riblc 2 lists the resulting 1 IZO positions in cm ‘] along

with the rms agreement (based on three different spectra) and the quantum assignment.

V’hc last column shows the differences between the observed and 111 TRAN5  positions (o-c);

the average difference is -0.0023 cn~-1. ‘1’ypically, the rms agreement with the standards after

the correction factor had been applied was 0.00003 cn]-l with CO and 0.0000S with JIZO.

1 lowever, the absolute accuracies of the NI IS lines were somewhat worse because of the

density of overlapping lines and because of pressure shifts associated with self-broadening.

The recent Raynaud et

were both negative and

increase proportionally

al. study9 “of 11 transitions of Vz near 900 CJn-l reported that shifts

positive and varied from 0.66 to 3.77 Mhz/Torr. If pressure shifts

with frequency, then the shift for N1 IS lines at 2 Vm could be a

factor of 5 larger (or from 0.0001 to 0.0005 cnl-l~l’err).

Tables 3 and 4 give examples of the experimental results.

3 lists the individual room temperature mcasurments  at different

The upper part of Table

paths and pressures that

were retrieved for the ‘Pl (4) s transition of v3-t V4. The averaged values are listed at the

bottom of each part along with the computed rms of the differences between each observed

and averaged value (ob-av for positions and Diff% for intensities). The rms values are

taken as an indication of experimental precision or uncertainties. Table 4 lists the

measurements for 39 randomly-selected transitions, I’he experimental uncertainties for each

quantity (shown in parentheses) have been computed as the rms differences between t}lc
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10- 20%.

“ the lower state transition energies of theAs with r-mthanel” and ammonia at 5 pm ,

N] 13 lines were obtained experimentally by measuring line intensities at different

temperatures (Tl, ‘l’z) and solving for F:’ in ~q. 1

lnt (at TJ Q, CXp(-~ 04388~’’/T1)  (1-CX[J(-1 .4.388V /T1) “ T2

--------------- ,.. -------- --------------------- ------------------ -------- --------------

Int (at T2) Q1 CXrl(-~ .4~~’’/’r2)  (1 -CX~(-l .4388V /1’2) “ TI

Eq. 1

where Q is the total partition function evaluated at each temperature. Cold sample data

shown in ‘l’able 1 were measured to produce over 16000 individual retrievals, The lower

%1 (4) s of V3+ V4.part of Table 3 gives empirical lower states for 1 lcre the individual

intensities at low temperatures were combined with the averaged room temperature intensity

(from the upper part of the table) to obtain an averaged empirical lower state. The “I~iff”

columns show the (observed - averaged) /average in percent. The label “r” indicates that

the deviate values were rejected from the averaged lower state. The rms agreement is

22.2% indicating a high uncertainty for this lower state, but empirical energy is still within

1.8% of the value expected from the assignment. To validate the lower state energies, the

11 for sonw of the strongerempirical values were compared to calculated ground st atcs

assigned lines2’4. Table 4 also gives a sample of lower state energies with the percent

differences between the observed value and the calculated ground state shown in the far

right column. “1’ransitions with lower states of less than 250 cm-l arc expected to have

worse experimental unccrtaintiesl”. The good agreement seen in Table 4 is an indication
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averaged and individual measurements. As seen there, the rms values for positions range

from 0.00001 to 0.00067 cm-’. The precision of the unblended lines are often 0.0003 cm”l

or better, but because of possible pressure shifts, absolute accuracy of the N] ]3 positions

is set conservatively to 0.0007 CnI-l for unblended lines. For blended features, the absolute

accuracy degrades to 0.003 cm-l.

Achieving a good absolute accuracy for the intensities proved difficult because of

ammonia adsorption to the cell walls. Intensity measurements from different sets of data

were systematically different by 4 to 16% with the largest deviations occuring for runs done

with the 6 m white cell. To compensate for this problem with the gas sample, additional

scans were taken, and each optical density was normalized to make its intensities fall close

to the mean average determined from the intensities of a few hundred transitions with

known assignments. This approach hopefully produced consistent prccisions for all the well-

isolatcd features in the spectra. ‘1’ables 3 and 4 provide some validation of this point in that

the rms values for intensities (uric%) fall in the range of ~. to 15% for intensities. The

quality of the intensities can also be judged by comparing pairs of lines with the same

rotational quantum numbers which arise from the a and s inversion levels. In unperturbed

bands, these pairs are expected to have similar intensities within a few percent, and this is

the case for most of the pairs shown. The transition pairs in ‘1’aMe 4 are typical of the

agreement seen for isolated lines. The precision of the intensities for unblended lines

appears to be f 3% or better through all three orders of magnitude of intensity. The

absolute accuracy of the data is set conservatively to ~ 7% because the systcmatics may not

have been properly corrected. “1’he accuracy of the blended intensities is in the range of
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that the normalization of the optical densities has resulted in good consistency. It should

be noted, however, that the uncertainties for the unassigned lines will be worse because the

room temperature intensity has not been normalized to 296 K before computing the

average. In addition, the weakest features are based on only two or three spectra, rather

than the 10-12 runs available for the strongest lines.

RESULTS and DISCUSSION

In all, line positions and intensities of 2000 NJ 13 features with intensity greater than

S.ox 10-x cm-l / (molecule-cm-2) at room temperature were rncasurcd, and the lower state

cncrgics were determined for 1815 of these. The resulting linelist was validated by

con q)aring observed spectrum to a synthetic spectrum calculated from the averaged values.

I/or example, a 10 cm-l portion of the observed apodized spectrum in the region of %?O of

v3.t Vd is shown in Figure 3.

An intermediate version of the empirical lower states and the method of combination

differences permitted the identification of additional transitions. Since a composite

calculation from quantum mechanics was not available, assignments were pursued for only

the allowed transitions of perpendicular banck: AJ = f 1 and O, AK= t 1 with Al= f 1, and

s<. ->s, a<-->a. For the main isotope of V3+- V4, very few corrections of the Sarangi

identifications were required other than interpreting features that were unresolved blends

in his low resolution data. l’ortions of the V3+ Vd band of 1SNH3 were then assigned readily

by inspection of the spectrum obtained with the e]lriched sample; he assignments included
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in the 1996 HITRAN database are shown in Table 5. For VI+ V4, the 119 assignments of

Coy and Lehmann provided an excellent starting point (although it was found that their line

centers were low by 0.004 cm-]), and the number of identified transitions were doubled by

following sub-bands up to J = 10. Upper states were determined for both bands by adding

12 to obtain an averaged upper statethe transition frequencies to the computed lower state

value. ‘l’he Table 6 lists the experimental upper states for VI+ Vd with results of the present

study labelled as “N.” The rms difference [when n transitions to the same upper state are

used] is computed and can be used to estimate the precision of the measured positions.

Table 6 and a similar list for V3+- Vd can be obtained electronically to facilitate theoretical

studies of these bands and hot bands in other regions, It should be expected that a good

theoretical modeling of the data will reveal some incorrect assigl~ments. With 55% of the

lines being unidentified, there are probably some matches to con~bination  differences t}~at

arc purely coincidental. The most suspect levels are those based on only one assignment,

For example, the WO lines of both bands have been located, but it is likely that some of the

J values are incorrectly ascribed.

‘1’he empirical values for the band centers in cm-* were determined from the J’,K’ =

0,0 levels by adding the computed ground state to the observed line positions of the ~’P(l,l)

transit ions. As shown in Table 7, the isotopic shift for V3+ Vd is 11.37 cm-l.

The positions, intensities and lower state energies were written into 111”1’RAN

clattibtise format. Whenever an assignment was known, the empirical ground state was

replaced by the corresponding calculated value rounded to the nearest 0.1 cm-l. l~or the

u~mssigned lines, the rms of empirical lower state was divided by 100 and added to the
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lower state value in order to retain the experimental uncertainty in the database. For

example, the line at 4940.1703 cm-l listed with E“ of 527.0312 cm-l should be interpreted as

~! = 527.0 A S.12%. The intensities for ‘5NI $ were scaled by the isotopic abundance of ‘

0.00S5. TaMc 8 gives a summary of the experimental parameters. The lower portion shows

the number of total lines, range of positions, number of isotopes, vibrational states, bands

and the total integrated intensity computed by summing the observed intensities. q’he upper

portion gives similar information by band including the range of il~tensitics and the sum of

t}le intensities for assigned lines. The strongest unassigned line has an intensity of 3.6x1 021.

The fact that the intensity sum of all the unassigned lines is only 13% of the total intensity

of the region indicates that the dominant structure of the region is now well-characterized.

‘I%e intensity summations in Table 8 rcprcscnt reasonable lower limits for integrated

intensities of the two combination bands. To provide a perspective of ammonia band

intensities, the 2 Um values are listed in Table 9 with the results for bands at 4, 3 and 2.3

~m. The band strengths (Sv) obtained by fitting measurements to hamiltonian models are

listed in the third column while summations of individual line intensities are shown in the

fourth column. “J’he underlined values are the result of combining the strengths for the a

and s inversion states. The total V3+ Vd absorption of 15.66 cm-2.atm-* at 296 K (obtained

from S37 assignments) is similar to Sarangi’s value of 17.19 cm-2”atm-1 at 296 K obtained

by fitting 291 intensities.3 The other band strengthsl>ls were obtained by modeling selected

intensities. I’he values for the four states near 2400 cm-l were reported by Kleiner et al.13

who used 700 intensities (retrieved from some of the same Kitt Peak spectra used in the

present effort). The intensities of nearly 300 ot}mr transitions were also measured, and
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their integrated sum is listed as “unassigned” (these are mainly hot ba~ld lines). For two

fundamentals near 3400 cm-l, Pine and I~ang-Nhu  modeled 91 intensities of VI and v~.14

The two combination bands near 4400 cm-l we~e reported by Margolis and Kwan who fitted

220 lines of Vi-t- Vz and Vz-t vs. 1s The last two studies used isolated-band models, but all

studies noted that a portion of their available data could not be reproduced within

experimental uncertainties. The successful modeling of the 3-2 ~m intensities is expected

to be very challenging.

III 1977, Sarangi measured 2100 lines at 2 IMn and assigned 27% of them. It is now

seen that features belonging to VI+ Vd were among his unidentified lines. In the present

study, a similar set of features was measured with better accuracy and thoroughness, i~nd

4S% of the observations were identified. Still, half of the region remains unassigned. Of

these unknown lines, 80% have empirical lower states that arc less than 930 cm-l, indicating

that these features are not hot band transitions. Some of these are surely forbidden (AK=

3,5 or a <--> s) transitions of the combination bands, Some forbidden transitions computed

using the empirical upper states did match observed positions with CJ1 appropriate empirical

lower states, but these were not included because there was no intensity calculation

available to confirm the probable assignments. Other unassigned lines must be transitions

from the A component of v~+- V4 which probably lies within 40 cm-l of observed L; state.

Some transitions must also arise from other vibrational states in the region. It should be

cxpcctcd that their intensities are sometimes enhanced by resonance with one of the strong

combination bands. Evidence of interaction is seen in l’QI at J == 4 of v~+ V4 where the

intensity is almost half the expected amount, and an extra feature appears. ‘J’bus, it is
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thought that the intensities for the a ands inversion pairs of ~’~’1 4 and ‘P2 5 in Table 4 are

unequal because of resonance with another vibrational level. ‘i’he most likely perturbing

state is 2VZ+ v~ near 5040 cm-l. Clearly, with resonances occurring at the lowest K values,

it will be necessary to employ a multi-state model to interpret this region fully.

CONCLUSION

There is now an extensive set of measurements for arnnm)ia at 2 ~m. All the strong

lines in the region are identified, and most of the unassigned features have empirical lower

state energies. ‘1’hc theoretical modeling of these data should bc pursued. For the interim,

the results are organized and available in electronic format (to receive the lists described,

contact the first author at linda@regina.jpl.  nasa,gov).
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FIGIJRES

Fig. 1 Thesj>ectrum ofammoniaat2pm (5000 cm-l) obtained with the Fl’SatKitt

Peak. V’he pressure is 1.01 Torrat 294.7 K and the optical path is 1.5nl.3’11e alJoclized

resolution is 0.016 cm-l.

Fig. 2 Measurement of positions and intensities by curve-fitting the unapodixed

spectrum. ‘1’hc observed and computed spectra arc overlaid in the lower frame, and their

percent differences are plotted in the upper panel. The vertical lines in between indicate

the features that were measured by simultaneously adjusting the calculated positions and

intensities. The optical path is 16.m meters and the pressure is 1.06 q’orr at 192 K, ~’he

three largest lines are ~Pl (7) s of v~+- VA at 4900.6912 cm-l and the two inversion ~)airs of

1’1>1 (3) of VI+- Vq at 4900.8396 and 4901,0133 cm-l respectively.

Fig. 3 Validation of the ammonia positions and intensities by comparing the observed

data to a synthetic spectrum based on the retrieved positions and intensities. In the upper

frame, the observed and computed spectra are overlaid, and the percent differences arc

plotted in the lower panel. l’he optical path is 1.S m and the pressure is 2.66 Torr at 294.6

K. ‘l-he strong lines belong to ‘@O of v~+ Vd starting with Jo’ = 1 and 2 near 504(i cm-l.
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Tab] e 1 SUMMARY OF AMMONIA LABORATORY DATA4

ROOM TEMPERATURE

------  ------ ------  -----  ------  ----

MOLECULE PRES PATH TEMP
Torr m K

- - - - - - - - - - . . - ------ --- - - - - - - - - - - - -
NH3-14 * 1.07 0.25 291.5
NH3-14 3.50 0.25 298.7
NH3-14 * 2.84 0.25 290.7
NH3-14 1.01 1.50 294.7
NH3-14 2.66 1.50 294.6
NH3-14 5.42 0.25 295.8
NH3-14 8.51 0.25 295.8

NI13-14 30.05 0.25 295.8
NH3-14 0.50 0.80 293.6
NH3-14 1.01 0.80 294.0
NH3-14 2.01 0.80 296.0
NH3-14 0.90 0.25 293.8
NH3-14 * 0.51 0.25 289.7
NI13 0.52 25.0 295.5

N113-I 5 2.02 0.25 293.8
NH3-15 0.90 0.25 293.8

------ ----- ----- ----- ----- ----- --

+ NH3-1.4 and NH3-15 are 99.9% and

COLD TEMPERATURE

------------a  --=. . ..”---------------  --

MOLECULE PRES PATH TEMP
Torr m K

- - - - - - - - - - - - - - - . . . . . . - - - - - - - -- - - - - - -
NH3-14 0.99 0.80 189.0
NH3-14 1.99 0.80 190.0
NH3-14 1.97 0.80 189.0
NH3-14 1.03 0.80 233.0
NH3-14 1.96 0.80 240.0

NH3-14 20.00 0.80 220.0

NH3 1*77 4.33 185.0
NH3 1.77 4.33 195.
NH3 0.78 4.33 215.0
NH3 1.77 4.33 220.0
NH3 1.06 16.41 192.0
NH 3 2.03 16.41 200.0
NH3 1.47 24.41 211.0

N’5, r e s p e c t i v e l y . The runs with * contained CO in”t:he 0.25 m cell
a n d  w e r e  used to c a l i b r a t e  HZO line positions near:  5300 c m - l . The
average temperature of the room temperature data is 294.3 f 2.3 K.



Table 2 H20 LINE POSITIONS CALIBRATED BY CO

obs cm-l unc Band J’ K’ K’ Jtt K!! Klt o-c cm-l. .

5206.31133 (4)
5206.51541 (4)
5208.82798 (7)
5225.32334 (9)
5243.88629 (2)
5244.58143 (7)
5248.30602 (9)
5254.80604 (4)
5261.49974 (3)
5263.97506 (3)
5269.13261 (3)
5284.78010 (3)
5290.26571 (3)
5307.47286 (4)
5327.39037 (5)
5332.09221 (4)
5336.18694 (8)
5338.22622 (3)
5338.75447 (3)
5344.52450 (8)
5344.92315 (7)
5345.05382 (8)
5348.67552 (3).
5374.27402 (4)
5376.94239 (4)
5385.80013 (3)
5393.64808 (3)
5396.54341 (9)

.._. —— . . ..—

011
011
011
011
011
011
011
011
011
011
011
011
011.
011
011
011
011
011
011
011
011
011
011
011
011
011
011
011

5 1 5
4 2 2
4 1 3
4 0 4
3 2 2
3 0 3
3 1 3
2 1 1
2 2 0
2 0 2
2 1 2
1 0 1
1 1 1
0 0 0
1 1 1
3 2 2
2 2 1
1 1 0
2 2 0
3 3 1
3 3 0
4 3 1
2 1 1
2 1 2
2 0 2
2 1 1
3 1 3
3 0 3

6 1 6
5 2 3
514
5 0 5
4 2 3
4 0 4
4 1 4
3 1 2
3 2 1
3 0 3
3 1 3
2 0 2
2 1 2
1 0 1
1 1 0
3 2 1
2 2 0
1 1 1
2 2 1
3 3 0
3 3 1
4 3 2
2 1 2
1 1 1
1 0 1
1 1 0
2 1 2
2 0 2

-0.0027
-0.0026
-0.0010
-0.0017
-0.0027
-0.0026
-0.0020
-0.0030
-0.0013
-0.0029
-0.0034
-0.0019
-0.0023
-0.0021
-0.0016
-0.0028
-0.0021
-0.0018
-0.0005
-0.0015
-0.0028
-0.0032
-0.0025
-0.0030
-0.0026
-0.0029
-0.0019
-0.0026

.—— ——. —

The average observed - HITRAN (o-c) is -0.0023 Cm”l.

\



!I’abl e 3 SAMPLE OF INDIVIDUAL MEASUREMENTS

“ Room Temperature Results+

Positions Obs-av Intensity Diff Temp Path Pres
cm- 1 cm- 1 cm-2\atm-1— .—.— % K In Torr——..—-— .— —. . . . . . . —----- ..— ——

4977.017076
4977.017140
4977.017155
4977.017186
4977.017200
4977.017213
4977.017270
4977.037300
4977.017340
4977.017387

-0.00014
-0.00008
-0.00006
-0.00003
-0.00002
0.00000
0.00005
0.00008
0.00012
0.00017

1.817E-02
1.836E-02
1.864E-02
1.880E-02
1.893E-02
1.900E-02
1.763E-02
1.881E-02
1.782E-02
1.878E-02

-1.6
-0.6
0.9
1.8
2.5
2.9

-4.6
1..8

-3.5
1.7

290,”1 10.25
295.8 0.25
295.8 0.25
294.0 1.50
294.6 1.50
296.() 25.00
289.7 0.25
294.0 0.80
295.8 0.25
293.6 0.80

2.840
5.420

10.050
1.010
2.660
0.520
0.513
1.010
8.510
0.504

4977.017215 0.00009 1.847E-02 1.7 = averaged values—-.—...———. .-—. —.-.— -. . . .

Cold Temperature Results

.—— ..—— —-.— ,—

Intensity E II Diff Temp Path Pres
at Temp (ith) % K m Torr. . — . ---- .- ——. -.,-— .-—. ——.. ,—. -.. — — . . . . . . ------

2.286E-02
3.684E-02
3.535E-02
3.493E-02
2.957E-02
2.317E-02
2.546E-02
2.749E-02
2.853E-02
2.360E-02
2.577E-02
2.828E-02
2.552E-02

329.77 r 66.2
156.66 -21.0
171.66, -13.4
173.74 -12.4
232.27 17.0
324.39 r 63.5
282.51 42.3
229.14 15.4
186.31 -6.0
295.82 r 49.1
243.44 22.7
131.10 -33.9
177.21 -10.6

185.0 4.33
189.0 0.80
189.0 0.80
190.0 0.80
192.0 16.41
195.0 4.33
200.0 16.41
211.0 24.41
219.0 0.80
220.0 4.33
220.0 0.80
233.0 0.80
240.0 0.80

1.770
1.974
0.994
1.990
1.068
1.770
2.030
1.470
2.028
1.770

20.000
1.029
1.956

l!t~ empi r ica l  = 198.0 (22.2) E’! c a l c u l a t e d  =. . . . . ..— . . . . . . .,. —_. 194.9000---- — .——— — — -  .  .  —---

+ Etl is the l o w e r  s t a t e  e n e r g y  in cm-l.



Table 4 Sample of Empirical Intensities and Lower State Energies of V3-IVL I,ines’

. . . —— . ..— .-— —

Observed Unc Observed Unc Observed Unc E “
Position Intensity (%) 1 J’ K’ Jgr K“ E“ (%) %0-c. . . . ..-— —-——- .

4986.69604 (11)
4967.13578 ( 4)
4948.79747 ( 9)
4930.29499 ( 7)
4913.86267 (17)

4976.67274
4977.01722
4967.83907
4968.15326
4936.41442
4936.66990
4967.48947
4967.78507
4977.26352
4977.55102
4957.63019
4957.94747
4967.22658
4967.57292
4993.01400
4993.33097
4976.52439
4976.78238
4937.91656
4938.28523
4947.67365
4948.15531
4928.03340
4928.56618
4946.86893
4947.19793
4955.76155
4956.05587
4936.55905
4936.91757
4945.23130
4945.52892
4934.61230
4934.90616

(21)
[19]

( 2)
(15)
( 6)
(01)
(lo)
(23)
(37)
(11)
(16)
(12)
(16)
(23)
(55)
(22)
(30)
(28)
(25)
(12)
(18)
(20)
(33)
(14)
(23)
(21)
(31)
(20)
(29)
(26)
(32)
(41)
(67)

2.86E-21
2.75E-21
1.99E-21
1.18E-21
4.67E-22

1.1OE-21
7.46E-22
1.13E-21
5.08E-22
4.40E-22
4.40E-22
1.75E-21
1.73E-21
2.58E-21
2.58E-21
1.33E-21
1.35E-21
3.94E-21.
3.19E-21
4.64E-22
4.52E-22
2.98E-21
3.02E-21
6.25E-22
6.13E-22
1.80E-21
1.46E-21
7.62E-22
6.53E-22
8.75E-22
8.83E-22
2.74E-21
2.78E-21
1.04E-21
1.04E-21
8.47E-22
8.51E-22
4.72E-22
4.84E-22

(2.5)
(1.8)
(1.2)
(1.6)
(2.5)

(1.7)
(1.7)
(2.2)
(3.5)
(1.2)
(1.2)
(1.5)
(2.0)
(3.2)
(1.0)
(2.5)
(2.2)
(1.4)
(1.4)
(3.5)
(2.7)
(2.0)
(1.1)
(3.3)
(2.5)
(2.6)
(1.7)
(2.2)
(2.0)
(3.6)
(1.4)
(2.3)
(2.0)
(1.1)
(1.1)
(2.0)
(2.6)
(2.0)
(2.0)

1 2 1 3 0 s
1 3 1 4 0 a
1 4 1 5 0 s
1 5 1 6 Oa
1 6 1 7 0 s

-1 3 0 4 la
-1. 3 0 4 1s
-1 4 1 5 2a
-1 4 1 5 2s
-1 5 0 6 3a
-1 5 0 6 1S
-1 5 3 6 4a
-1 5 3 6 4s
-1 5 4 6 5a
-1 5 4 6 5s
-1 6 4 7 5a
-1 6 4 7 5s
-1 6 5 7 6a
-1 6 5 7 6s
1 6 6 6 5 a
1 6 6 6 5 s

-1 6 6 7 7a
-1 6 6 7 7s
-1 7 4 8 5a
-1 7 4 8 5s
-1 7 5 8 6a
-1 7 5 8 6s
-1 8 5 9 6a
-1 8 5 9 6s
-1 8 7 9 8a
-1 8 7 9 8s
-1 8 8 9 9a
-1 8 8 9 9s
-1 9 8 1 0 9 a
-1 9 8 1 0 9 s
-1 9 9 10 30 a
-1 9 9 10 30 s
-1 10 10 11 11 a
-1 10 10 11 11 s—. . ..- ..—

13.1.7
199.6
307.0
419.9
560.0

216.1
198.0
287.1
296.3
431.7
425.4
355.0
356.6
307.7
322.7
466.8
455.0
439.7
416.2
335.8
332.9
369.2
377.2
625.4
627.6
572.4
581.5
758.5
741..8
652.0
655.5
583.7
572.9
790.6
786.3
707.7
708.6
854.3
854.3

(11.3)
(14.5)
( 9.9)
( 3.8)
( 3.9)

(18.4)
(22.2)
(10.1)
(11.8)
( 4.0)
( 5.4)
( 4.9)
( 5.1)
(18.8)
( 7.3)
( 3.0)
( 4.4)
( 8.5)
( 5.1)
( 7.8)
( 8.1)
( 4.9)
( 5.6)
( 4.1)
( 3.9)
( 6.1)
( 4.8)
( 6.2)
( 5.6)
( 7.6)
( 5.3)
( 5.9)
( 9.1)
( 6.3)
( 7.1)
( 4.5)
( 4.3)
( 8.1)
( 9.1)

-6.7
0.1
3.1
0.7
1.C

9.5
1.8
1.2
4.5
4 “. .
3.(

-0. !
-o.:
-5. ”
-O. !
o.”

-1. [
3.[

-l. !
3’.,
2.{

-1. (
0.[
0.(
1.(

-1. (
o.:

-o. :
-2.:
-0.’
0.(

-1.7
-3.4
-o.
-o.
-1.
-1.
-4.
-3.. .————--- .— —

+ Positions and lower state ei~ergies E“ are give]] in units of cm-l, and th
intensities are in units of cm-’/(moleculeoc2)2)  near 296 K. The experi.menta
uncertainties are the computed rms values based on the measurements. Fo
positions, the uncertainties i.n the last 2 digits are indicated. For j.nt.ensitie
and lower state energies, the uncertainties are given in percent.



Table 5 Assignments of the v3+v& Band of ‘5NH7 in the 1996 HITRM Database

position  I n t e n s i t y  J’K’ ~ J,lpl  [ Posit ion Intensity J’K’ ~ Jl,~,l ~ position  [n:ensi:v  .) ’K! ; ;11<,, ~

4944.4991 8.75E-26  8 8 -1 a 9 9 0 a
.49.44 .7460 8.91E-24  8 8 -7 S 9 9 0 S
4945.7796  7.34E-24  5 2 -T a 63 0 a
4946.7470 4.39E-24  76 -1 S 8 70 s
4 9 4 6 . 4 0 5 5  4.33E-24  64 -7 a 75 0 a
49L6.5735  3.40E-24  6 4  - 1  S  7 5  0  S
4955. ?6T8 6.i3E-24 7 7 -1 S  8 8 0 S
4 9 6 5 . 2 4 2 3  9.59E-24  6 6 -1 a 7 7 0 a
4 9 6 5 . 4 7 3 5  9.55E-24  6 6 -7 S 7 7 0 S
4966.0056 2.08E-23  4 2 -1 S 5 3 0 S
L966.  ?499  1.295-23 4 2 -1 a 5 3 0 a
6 9 6 6 . 2 3 3 3  7.94E-24  5 4 -1 S 6 5 0 S
4975.4476  9.31E-24  2 1 1 S 3 0 0 S
4975. .4572 2.47E-23  5 5 -1 a 660 a
11975.6764 2.47E-23  5 5 -1 S 6 6 0 S
4975.9244 1.28E-23  3 1 -1 a 4 2 0 a
L976.  J683 9.72E-24 3 1 -1 S 4 2 0 S
4985.3563 ?.74E-23  2 0 -? a 3 T C a
4985.5648 1.40E-23  4 4 -? a 5 5 0 a
4985.7682 1.46E-23  4 4 -1 S 5 5 0 S
4986.0060 1.99E-23 3 2 -1 S 4 3 0 S
L9%.8803 6.17E-24  2 0 -1 a 3 ? O a
4995.5639 2.38E-23  3 2 -’l a .4 3 0 a
4995.7578 1.56E-23  3 2 -1 a 4 3 0 a
4995. ~0 8.38E-24  4 4 -1 S 5 5 0 S
5003. ?728 6.33E-24  4 4 1 a 4 3 0 a
5003.3991 6.33E-24 4 4 1 S 4 3 0 S
5003-5396”  7.095-24 5 ~ 1 a 5 3 0 ~
5C03.9002 7.21 E-24 5 4 1 S 5 3 0 S
5 0 0 4 . 1 5 4 7  5. LLE-24  64 1 a 63 0 a
5004.6980 5.64E-24 64 1 S 63 0 S
5005.1513 L.755-24 1 0 -1 P 2 1 0 a
5 0 0 5 . 2 9 4 3  3 . 2 X - 2 4  7 4  ~ o 73 0 a
5005.3296 4.80E-24  1 0 -1 S 2 T O S
5005.4680 2.83E-23 2 2 -1 a 330 a
5 0 0 5 . 6 1 9 9  2 .  S4E-23  2 2 -1 S 3 3 0  S
5 0 0 5 . 9 2 0 9  3.52E-24  74 1 S  7 3 0  S
5013.9269 4.23E-24 3 3 1 S 3 2 0 S
5014.0295 4.96E-24  4 3 1 a 4 2 0 a
5014.2966 5.16E-24  4 3 1 S 4 2 0 S
5014.4776 1.9%-21 5 3 1 a 5 2 0 a
5014.9261 4.31 E-24 5 3 1 S 5 2 0 S
5015.2482 1.02E-23  1 1 -1 a 2 20 a

5 0 1 5 . 2 8 6 6  3.05E-24  63 1 a 6 20 a
5 0 1 5 . 4 2 7 6  1.03E-23  1 f -1 S 2 20 S
5 0 2 4 . 1 7 0 8  5.24E-24  22 1 a 2 1 0 a
5 0 2 4 . 3 5 4 9  1.2 TE-23  22 1 S 2 1 0 S
5024.6?64 6.85E-24 3 2 1 S 3 1 0 S
5024. Z5T5 6.25E-24 L 2 ? a 4 7 0 a
5025.0724 4.02E-24 O 0 -1 S 1 1 0 S
5025.1215 6.38E-24  4 2 1 S L 1 0 S
5025.4552 4.75E-24  5 2 1 a 5 1 0 a
5026.0060 4.92E-24  5 2 1 S 5 1 0 S
5027.4533 3.12E-24  6 2 1 S 6 1 0 S
50%$.5849 3.07E-23  1 1 1 s 1 00 s
5034.6769 2.28E-23 2 1 1 a 2 00 a
5035.2434 3.15E-23  3 1 1 S 3 0 0 S
5 0 3 5 . 6 3 4 6  2 . 4 4 E - 2 3  4  f 1 a 4 00 a
5037.6774 1.63E-23  5 1 1 S 5 0 0 S
5038.7249 8.99E-24  6 ? 1 a 6 0 0 a
5042.3289 4.88E-24  7 1 1 S 7 0 0 S
5044.0873 1.91E-23  5 0 -1 S 5 1 0 S
5044.4040 5.6W-2L L O -1 a 4 1 0 .s
5044.4682 6.~E-24 4 0 -1 S 4 1 0 S
5044.7808 1.llE-23 2 0 -1 a 2 1 0 a
5044.8002 6.05E-24  1 0 -1 a 1 1 0 a
5045.0347 7.54E-24 2 0 -1 S 2 ? O S
5054.3551 7.65E-23  1 1 1 a O 00 a
5055.0141 5.68E-24 2 1 -1 a 2 20 a
5 0 5 5 . 0 9 6 0  3.27E-2L 3 ? -1 a 3 2 0 a
5055.2549 9.39E-2L 2 ? -? S 2 2 0 S
5063.8199 1.14E-23  2 2 1 a 1 1 0 a
50&4.0257 1.14E-23  2 2 1 S 1 1 0 S
5064.9501 1.15E-23  4 2 -1 S 4 3 0 S
5 0 6 5 . 0 4 6 4  1.19E-23  L .? -1 e 4 30 a
5065.2?78 9.84E-24  32 -? a 3 30 e
5 0 6 5 . 2 8 1 2  9.96E-24  3 2 -1 S 330 S
5 0 7 3 . 1 7 6 2  1.60E-23  33 1 a 2 20 a
5 0 7 3 . 4 0 7 ?  1.63E-23  33 1 S 2 2 0 S
5074.5462 2.272-23 2 ? f S 1 0 0 S
5082.4095 3.63E-23  4 4 1 a 3 3 0 a
5082.6742 3.68E-23  4 4 1 S 3 3 0 S
5083.7T’O  1.02E-23  3 2 1 a 2 1 0 a
5084.0&4  1.05E-23  3 2 1 S 2 1 0 S
50%.8734 6.85E-22  5 4 -1 a 5 5 0 a
5091.5287 1.~-23 5 5 1 a 4 4 0 a

5091.8~22 1.81E-23  5 5 1 ,S 4 4 0 S
5093.2051 1.22E-23 43 1 a 32 0 a
5W3.5088  ?.27E-23  43 1  s  3 2  0  s
5 0 9 4 . 3 1 5 0  3.74E-24  75 -! a 76 0 a
5W4.3859 2.27E-23 3 1 1 a 2 0 0 a
5w4.45W 4.07E-24  7 5  -1 S  7 6  0 S
5094.7232 4. OLE-21$ 6 5 -1 a 66 0 a
5 0 9 4 . 7 9 5 7  L.15E-24 6 5 -1 S 6 6 0 S
5100.5276 1.53E-23  6 6 1 a 5 5 0 a
5100.9223 1.54E-23  66 1 S 5 5 0 S
5102.4361 2.50E-23 5 4 1 a 4 3 0 a
5 1 0 2 . 8 4 2 2  2.54E-23  54 1 S 43 0 S
5103.8909 4.35E-23  4 2 1 a 3 1 0 a
5T04.2963  2.72E-22 4 2 1 S 3 1 0 S
5 1  W.5615  2 . 4 2 E - 2 3  7 7  1 S 66 0 S
5111.5133 1.08E-23  65 1 a 5 4 0 a
5112.W40  l.ll  E-23 6 5 1 S 5 4 D S
5113.2963  9.o~.2.4 5 3 ? a & 2 0 e
5?13.7905 8.$%-24 5 3 ? S 4 2 0 S
5115.5400 1.98E-23  & 1 1 S 3 0 0 S
5 7 1 7 . 9 1 0 6  8.55E-24  88 ? a 7 7 0  a
5 1 1 8 . 4 7 4 4  9.15E-24  88 1 S 77 0 S
5 1 2 0 . 6 9 4 7  8.30E-24  76 1 a 65 0 a
5 7 2 1 . 4 7 6 3  8.22E-24  76 1 s 65 0 s
5 1 2 2 . 6 1 4 2  1.60E-23  64 1 a 5 3 0 a
5123.2069 1.61E-23  64 1 S 5 3 0 S
5124.2310 6. Y3E-24  5 2 1 a 4 1 0 a
5?24.8237 6.34E-24 5 2 1 S 4 ! O S
5126.4118 5.94E-24  9 9 1 a 8 8 0 a
5 1 2 7 . 1 4 0 8  6.17E-24  9 9 1 S 88 0 S
5128.7120 1.12E-23  8 7 1 a 76 0 ~
5?29.5743 :. f5E-23 87 : S 76 0 S
5731.7473  6.~.2~ ~ ~ ; a 6 4  0  a
5132.6167 6.23E-24 75 1 S 64 0 S
5J33.6555  5.64E-24  6 3  T a  5  2  0  a
5 1 3 4 . 3 5 2 5  5.84E-24  63 ? S 5 2 0 s
5 1 3 5 . 6 9 7 5  7.70E-24  fOIO 1 S 99 0 S
5136.1765 1.39E-23  5 1 1 a 4 0 0 a
5137.5208 3.98E-24  9 8 1 a 8 7 0 a
5 1 4 3 . 1 9 8 9  7.8&-24 74 1 a 63 0 a
5 1 4 3 . 8 8 1 9  9.07E-24  74 1 S 63 0 S
5158.7121 8.87E-24  6 1 1 S 5 0 0 S
5179.7856 4.96E-24 7 1 1 a 60 0 a

+
The observed positions and intensities are in units of cm-’ a~ ~-’/( mlecutm.2)2)  respec t ive ly .
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Table 6 Upper State Energies of V1+V4 of 14NH3

. ..——. — .. ———. -. . .—. —.— .

J! K! Sym E! cm-l rms n E’ CIU-’ rms n..__. — . — — . —. — _ _ _

0 0
0 0
1 0
1 0
11
1. 1
20
2 0
2 1
2 1
2 2
22
3 0
3 0
3 1
31
3 2
3 2
3 3
3 3
4 0
4 0
4 1
4 1
4 2
4 2
4 3
4 3
4 4
4 4
5 0
5 0
5 1
5 1
5 2
5 2
5 3
5 3
5 4
5 4
5 5
5 5
6 0
6 0
6 1
6 1
G2
6 2

a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s ’
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s

1 =-+1

4976.39045 (014)
4974.67580 (000)

5015.51128 (031)
5016.37710 (005)
5007.50609 (062)
5006.42340 (006)

5078.35456 (009)
5073.90279 (000)
5067.67251 (050)
5066.69921 (076)
5051.16496 (000)
5050.10603 (045)

5154.23155
5159.82744
5147.62413
51.46.73159
5131.44021
51.30.53567
5107.03211
5105.98758

5261.71468
5252.20730
5247.20506
5246.34567
5231..49862
5230.71631
5207.38235
5206.52591
5175.08813
5174.05178

( 0 0 0 )
( 0 0 1 )
(027)
(030)
(069)
(088)
(010)
(036)

(006)
( 0 0 0 )
(017)
(000)
(069)
(050)
(063)
(006)
(012)
(024)

5382.22001 (028)
5369.26516 (000)
5381.82808 (028)
5366.30856 (018)
5365.46875 (072)

3
1

3 N
2
3
3

3
lN
3
3
2
3

1
2
3
2
2
3
3
4

2
1
2
2
3
3
3
3
2
2

2 N
1
3
2
2

1 = -1
4956.91218
4955.75555
4977.02662
4975.94548
4970.07278
4968.92675
5017.29051
5016.37549
5010.26758
5009.29096
4995.47152
4994.32943
5077.77697
5077.14125
5070.59612
5069.88465
5055.68690
5054.85879
5033.09997
5031.96209
5158.58181
5158.34669
5151.11380
5150.76521
5136.04920
5135.57655
5113.26748
5112.63242
5082.95520
5081.81570
5259.79245
5260.04662
5251.89534
5253.99682
5236.48427
5236.60008
5213.54848
5213.49259
5182.88251
5182.62268
5145.02734
5143.88229

5373.03376
5373.63126
5357.35257
5358.36937

( 0 0 0 )
(000)
(009)
(018)
(000)
(000)
(016)
(027)
(084)
(012)
(000)
(000)
(020)
(033)
(023)
(022)
(033)
(006)
(000)
(000)
(025)
(005)
(013)
(071)
(031)
(026)
(016)
(017)
(000)
(000)
(098)
(056)
(004)
(068)
(013)
(039)
(055)
(043)
(000)
(000)
(000)
(000)

(040)
(080)
(095)
(000)

1
1
2
2
1
1
3
3
5
2
1
1
3
3
3 N
2 N
2
2
1
1
3
2
3
3
2
3
2
2
1
1
3 N
3 N
3 N
3 N
3 N
4 N
2 N
2 N
lN
2 N
1
1

2 N
3 N
3 N
lN



. .

—— . . . .-... —-.---— -... .-. — —. .-.,,.. —---- ,.

J1 K’ sym El cm-l rms n Et cm-l rms n-—-.—. . ..- —-. — -— ..- - ., .—. . . . . . . .— - ,,,

6
6
6
6
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6
6
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7
7
7
7
7
7
7
7
7
7
7
7
7
7

8
8

8
8

8

8
8

8
8

8

8

8
9

9

9

9

9

9

I 9
9

10
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3
3
4
4
5
5
6
6
1
1
2
2
3
3
4
4
5
5
6
6
7
7

2
2
3
3
4
4
5
5
6
6
8
8
3
3
6
6
8
8
9
9

6
6

a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s ’
a
s
a
s
a
s

a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s
a
s

a
a. . ..__—.

1 =+1
5351.18041 (032)
5350.46750 (072)
5327.46920 (029)
5326.75854 (074)
5295.49114 (075)
5294.67264 (131)
5255.30808 (009)
5254.29499 (018)

5504.89408
5504.25101
5490.35091
5489.65497
5467.14142
5466.52263
5435.61385
5434.90185
5395.73118
5394.93053
5348.91849
5347.67049

5662.46892
5661.90803
5648.95049
5648.20991
5626.32,631
5625.70102
5595.34210
5594.73705
5555.61142
5555.02653
5452.13038

(000)
(130)
(103)
(006)
(066)
(087)
(057)
(205)
(020)
(008)
(158)
(006)

(045)
(042)
(085)
(130)
(013)
(053)
(000)
(000)
(034)
(044)
(030)

5826.56550 (265)
5826.20837 (000)
5734.84334 (020)
5734.36516 (012)

5933.13022 (000)
5933.47904 (054)

3
3
3
3
3
2
2
2

1
2
2
2
3
2
2
2
2
2
2
2

2
2
3
2
2
2
1
1
2
3
2

2
1
3
2

1
2

N
N
N
N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N
N
N
N

N
N
N
N

N
N

1 -1
5334:00995
5334.56963
5303.00022
5303.58511
5264.37192
5264.82734
5219.31180
5218.15277
5514.64768

5443.74446
5443.22483
5403.62991
5404.24473
5359’56137
5359.28649
5305.80640
5304.64312

(044)
::):;

(038)
(038)
(007)
(000)
(000)
(093)

(064)
(000)
(013)
(008)
(000)
(056)
(000)
(033)

5404.79601 (000)
5403.51481 (000)

5581.86780 (000)
5581.74862 (000)
5512.41850 (000)
5511.87148 (000)

3
1
4
2
2
2
1
1
3

5
1
4
3
1
3
1
3

3
1

1
1
1
1

N
N
N
N
N
N

N

N
N
N
N
N
N

N
N
N
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Table 7 Chnparison of Ammonia Eland Centers in cm-l

.—-— —. —-.-.-—

14N V, + V.

4956.9122 a

4955.7556 s

.-. .——. — .. —-...-. .—. ——--. —. ——.. — .- —.. -- .—-—

14N V~ +- V4

5053.2346 a

5052.6289 S

‘SN V. + V.

5041.8706 a

5041.2454 S

11.3640

11.3835
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Table 8 Summary of the 1996 HITRAN NH3 Parameters at 2 Bm

BAND SYM ISO #LINES Fmin Fmax Imin Imax Int-Sum.—— —. ——

V1+V4  a 1 122 4791.3 5128.6 2.OE-23 1.9E-21 1.599E-20
V1+-V4 s 1 112 4791.7 5111.1 2.lE-23 6.5E-22 1.471E-20
v~+-vb a 1 272 4803.9 5293.0 6.lE-24 1.lE-20 3.121E-19
V3+V4 s 1 264 4842.1 5293.6 2.2E-23 1.lE-20 3.199E-19

V3+V4 a 2 63 4944.5 5179.8 3.IE-24 2.OE-21 3.389E-21
V3+V4 s 2 66 4944.8 5158.7 3.lE-24 2.7E-22 1.024E-21

unass igned 1 1101 4802.2 5294.5 3.OE-24  3.6E-21 9,902E-20
—.. ... — ..— -——. .— —.- .— . . ..— —.

#LINES Fmin Fmax #Iso #vI.B #BANDS Int-Total.

2 0 0 0 4791.3 5293.6 2 2 6 7.661E--19

+ The lanqe of positions (Pmin, Frnax) are i.n units of cm-l and the intensities
(Imin, lmax, Int-Sum, Int-Total) are in cm-l/ (molecule-cm-2) near 296 K. I Sotopc
nurnbei 1 and 2 are for 14NH and 15NH3, respectively.315N~

An isotopic abundance of
0.0035 has been assumed for 3“
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Table 9 Sumrnav of N12~ Intensity Measurements in Four Regions

Iland

a 3v~
s v~+ VA
a v~+ V4
s 3V2

unassigned

s v,
a

s v~
a

s VI+ V2
a

s V2+V3
a

s v1iv4

a V1-+V4

s V3+V4
a V3+ V4

unassigned

.—

Center
cm-l

2384.1
2540.5
2586.1
2895.5

—
3336.1
3337.1

3343.6
3344.0

4294.5
4320.0

4416.9
4435.4— —
4955.8
4956.9

5052.6
5053.2

. — —  =

. . .------

Sv (fitted)
Literature . . . .
0.61 (3)
0.186 (30)
0.174 (25)
0.244 (7)

-- ...

22.27 (11 )

13.1 (2.1) ——.

19.0 --- —.

——.

lhpirical
Int. Sum

0.175

0.396
0.364 ==~

7.73
7.93 = 15.66

2.45

18.99 = total

+ Intensities are in units of cm-2” atm-l at 296 K,

The data sources for S, (fitted) are:
2600 cnl-l:  Klehwr, l’arrago and llrown]3; lit of 26o lines of 3VZ and 466 lines of Vz+ v,
3400 cm-’: Pine and I)ang-Nhu’4; fit of 72 lines of VI and 19 lhcs of v~
4400 cm”]: Margolis  and Kwanls; fit of 50 lines of v,+ Vz and 170 Iincs of V2+ V3
5000 cm-]: Sarangi3; fit of 291 lines.

The empirical intensity summations are based on the Klcincr et al. and present
Kitt Peak data.


